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In order to judge the degree of confidence one should have in the results of
an experiment using eye movement records as data, 1t is necegsary to have
inférmaﬁian about the éuslity of the eye movewent data itself. Suggestions
are made for ﬁays of asséséiﬂg’and Eépﬂrting this information. The paper
deals gith thre§ areas: characte:istigs cf’fﬁé;eye movement signal,
alggtithﬁé used in ﬁeduciné the data, and accuracy gf‘the eygrpﬁsiﬁicn data.
It i= sﬁggested that all studies involving eye movement data should report

such information. Appendices inclide linear inter§3latioﬂ algorithmg for
3 * B i

mapping from the eye movement signal to Stigﬁlus gpace, and a way of

obtaining an index of accuracy for each data point. .
d
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Evaluating and Reporting Data Quality in Eye Movement Research

In recent years there has been an upsurge in the use of "eye movement
data in psychological research (Levy-Schoen & O"Regan, 1979; Monty &
Senders, 1976; Rayner, 1978). There has also been cénsiderableAdevelcpmént
in eye~movement m@nitcting technology, gnd at present ‘e are a numbéi of
techniques In use for collecting such déta (for insta. .., see Young &

Sﬁeena; 1975). The process of obtaining reliable and acclrate eye movement

ée&cr&s is not an easy one, and there are many patentigz sources of EEfQE-Df
:vsriaus ;ypeé; This makes it pérfi:ularly important that raports of -eye
movement research include infarééticﬁ which wauid allow kﬂéwledgeabla
readers to assess the quality of the eye movement data obtalned in tﬁé study
and henéé to be éblE'tQ Judge tﬁg d2gree of confidence wﬁi;h they éhauld
pfacérin the fesuits of the stu&y-' So féf, no general format has been
proposed for reparﬁing this kind of information. In factikéhilé it is
qbviaus that information about the éccufagy and relisbility of the data
should be presented, ,it is often not clea; Just how to make s;ch a report.
The purpose of Ehiss;apef is to sugge%t what information investigators
should report about the quality of théig eye movement data and to
;;cammené;d ways of‘fepgrting‘this infgrmaﬁic?;sa thét others can.mafe
effectively evaluate their researck.

It would be inappropriate to set standards for what is and ié not

( . N -

sufficiently good eye movement data fof research purposes. The degree of

-reliabilitv and accuracy qf the data which is negdeﬂ for inv&atigétiﬁg

.

"
™
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diffgrénc queéﬁiang fafi§ v , ‘me scﬁdiés-aﬁiy ﬁe§d information
about éhéthér the eyés T - .on or another, gther studies need
data on the dufatiaﬁé o . stdill DthEESIDEEd an agéupaﬁa
indication of exactly v mulus pattern the eyes were éigected
on a given fixation. " - nese puts few cgnstraiﬁts on the éﬁg;ity
cf‘;ata, wheréag the las gréat-prEiSiDﬁ, which is difficuit Eéx\3
achieve. Thus, rather ¢ .apting to adopt standards. concerning what |
constitutes acceptable data, it will be more useful to make a list of items
which might be reported in studies involving éyé @cvemenﬁidata. This would
provide a more or less standard basis for maéing ¢gmpafisans among studies.
An example of sgcﬁ a list is givén in Table 1. Not all items will be
appropriate f@f every study: Rather, investigators should include those

items which would be necessary for evaluating the éuality of- those aspects

of the'data that are used in their particular studies or research program.
bt

Insert Table 1 about here.

‘'The information which might be reported. falls into three categories:
ghafacte:istigs ﬂfg;he signal itself, algorithms used for reduéing the data,
iand acguracyiafjﬁhe data from which the results of the experimént.are
obtained. Each of these topics will be discgssed bélQW; with suggestiaﬁs fgr

the types of measures that would be appropriate. This discussion will be

simplified by assuming the monitoring of only a single di@ensiﬂﬁ,\the

- horizontal component of eye movements. Corresponding information should be

- E
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reported for Lhé vertical component if that is important in the étudy; .
‘Where the inclusion of both dimensions creates special problems in assessing
or reporting the quality éf data, this will.be ;Oiéd.

In crder to Etanda;dize the data qgéiiéy measgr33; 1t will be assumed
thaé the ;timulus display region is diﬁided into a large numbér of smail

rectangular areas, all of the same size, by laying an imaginary grid over

it. Each area will be referred to as an L-area. "The width and lheight of

LY

each of these L-areas will be referred to as horizontal and vertical
. L-units, and these will be t:ken as the units for measurement of the data -
quélityJ In reading research, for instance, each L-area holds a single

;letter. The L-areas moving horizontally across the page are referred to as

3

letter positions, and the L-areas woving vertically, as lines. In most
plcture perception studies there are no such convenient elements in the

stimulus display itself, and the grid-producing L-areas must'bé arbitrarily

reported in a more standardized fashion aid thus permits easier
interpretation of the indices and easier comparison among studies.
. The first thing a report Bhguld inelude, then, would be éc;ual width
and height of the L~areas in millimeteré,'thds defining the horizontal and’
4
vertical L-units for the study. The width and height in degrees of visual
angle from the Pasitianjcf the subject should a%aa be reported for the part
of the‘displa? nearest the aye. The viewing distance and'tﬂe visual angle
of the entire display should élsa be repgréed- Finally, the experimenter
" should calculate ghg amount of change in thezeye mcvgmegi monitor (EHH)';
{

ry
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signal that typically fEEQltS when sghjeéts move thelir eyes a distance
equivalent to one L-unit. Thus, if the EMM provides an analogue éignal
éhizh is digitized for storage, this computation w;uld indicate the typlcal
movement in these digitized valves that occurs with a movement of the eyes
' of gneAL*uﬂit- If this varies considerably over diffefent pa;ta of the
visual f;eld,'ar for different subjects, some indication of the range of
this variation shéuid also be rép@r%edi

“f; For future reference, the tjg;éél amount of change in éhe EMM aignal
’ resulting from moving the éjgs one L-unit will be referred to as a Tiﬁkgr;
in hanér‘ﬂf a promlnent eye movement reseércher. Thus,; the Tinker is the
unit of movement in EMM data space equivalent to a mavgménﬁ of one L-unit in
the stimulus spaceg Of course, with 2-dimensional eye tracking there will
be both horizontal and veréicai L-units and Tinkers.

In some systems, the EMM Qutput is given directly in terms of the

- 8timulus space, using internal processing to map from the original eye

£

position signal to the visual display. In this case, the units provided can

be adopted as L-units, and Tinker units would then be on the same scale.

ﬁharg;gé:isti;s of the Eye Movement Signal I;ag;f
There are five characteristics of the raw eye movement gignal that
* should be investigated and reported: the sampling rate,bthé delay, maximum.

traéking rate, nai?e ehatactéristicg, and drift.-

4

ggmgliggifatgf The time in milliseconds between taking succesaive

samples of the eyes” position showld be reported.
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Delay in the-signal. When information about the eyes”™ location becones
avallable for sampling, this information is necessarily lagging behind the
actual location of the eyes. A good estimate of the delay in this signal is
impértant for evaluating some types of research, particularly that involving
eye-movement-contingent stimulus control. The amount of Ehis delay is not

always easy to estimate. However,”an estimate can be made on the basis of
four facts about the eye movement tee@féing$apparatus and asso;iated_

. equipmenti.@Fifst, how long does it take the equipment to obtain the
information needed to 2Dmputé-the ayes” 1pgatigﬁ? For ingtance, if a TV
maniﬁﬁr‘is being used to record eye movements, it may take 16 msec for the
.camera to complete a scan of the eye. In the case of limbus reflection

- techniques, the iﬁf@fmaﬁiﬂﬂ is almnst-idmediatély g#ailablea Other
techniques typically 1ie between these extremes. SEEGﬁd{ how much tiﬁe
transpires betw&egfthe ﬁa;ent Ehe_infarmaticn'ﬂeedad to compute the eye’s
1Gcagiﬁn is available and the moment at which thé}eye position inféémﬂtian
actually becomes available ﬁé be’ recorded a; ssmpled-by the computer.

Delays may be inducéd at this stage bylfilt3f5 or signal pzacéssing
fequiremégts. Third, how long Is it after the information becomes avallable
béfgfé thaigampuéer or other recording device actually hgs the aémplef
Delays at. this étagé may result from slow sampling rates, from time réquired
for digitizing an analogue signal, or from averaging ave:i:epeated samples
for the purpose of reducing ﬂcisé in the signal. Faugéh, 1f the éata are
provided in éne form (séy; ag values indicating eye position in the EMM

N .
space) but to be used must be transformed to saﬁe athe; form (say, as valqesx‘

=

&
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indicating vhen the eyes are centered in the stimulus array), thertime
required to make this tfansfarmatianﬂshauld alsp be included in Eaicuigting
the délay in the signal.

If the maximum trackihg rate of the EMM equipment is téa low, this-eaﬂ
aiso contfibute to a delay in the Signal during and immediatgly rollowing
saccadic eye movements. This problem will be dealt with in more detail. in
the nextegégtian!

In systems which give a stimulus positién directly as output, these
functions are ﬁandled intetnslly-and'may not be available for test. In this .
case, the manufacturer should provide precise 1nd;éatians of the delays
involved.

Information concerning delay in the signal is of importance for studies
in wilich stimuli are beingﬂmaaipulated in real time in féEpﬂﬁSé to
chafa;;éristlzé of eye movements. When no such eye’mavemenc‘cgntingent
%gtiﬁuius control is taking place, signal delay'need'nat be reported.

M&Kiﬁqﬂr;ﬁ&;&;ﬁ§7§§§grg£§ﬁhe eye movement gggipmeﬁtg During saccadic

eye movements, the e yes rea;h velacities 'as great as 830° per second

(Alpern, 1971)_ Péak vel@aitiés vary with the lengths of the saccades. If

the signal praduﬁed by the eye mﬁvement équipment is not .capable of changing

. %
' fast enough to respand ‘at the peék velacity ratés af the o7 movements

[ 1= ™

}typically ‘observed in the task being studied this cap have several affects.

A delay in the signal will accut during sacgadic ma\Eménts. The eye
mﬁvement velocity-pattern obtained duringAsacEades may be inaccurate, at
. iéést.far'saccadeé above a certain length. The time duration of saccadic

‘ 4
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‘movements may be inflated, and as a result, the durations of fixaticns may
be gnderestimatéd; éépeciall} for fixazionsgfo%lawing longer saccades.

A iawer maximum tra;king rate can result from electronic Eiltering of
Ehe~signa1 in an attempt to reduce nolse, from equipment requiring
mechanical movement 1n eye tracking, or other Sourgés-

Investigatofs should report Eheimaximum tracking rats of the equipﬁéﬁt
they are using. This should be obtainsble from the manufécturer or assessed
by monitoring the movements of an artificial eye which can be accurately
mDVEdlat different rates.

gé;ggléhgragtgristicg ££;Ehé,5133%;? There are two types of noise in

the eye movement ‘signal that should be reported. These will be referred to

as local noise and repetitious patterns. The first.of these, local noise,
:Qﬁé;rns thd amount of vgfiatiaﬁ in the EMM gigﬁal from one sample to the
next when the eyes are in#a fixation. It should be recagnizad{ of course,
that during a»fixéticn there i3 some degree of movement of.ihe eyes, and it
would not be a reasonable goal to attempt to obtain a sigﬂai that shawsAﬁo
!Ehangg at all during a fixation. However, this movement tends to}be very
small with respect ;gxthe amount of ﬂ@isé foind in thejsigﬂal of most EMM
équipmeﬁtg !

In order ta”e;timaté the amount of local noise present in the.signal, a
.seriés,éf‘fitatiang should be Selecteﬂ; and within these each sugceésivg
data value should be subtracted from the value ‘obtained previously to yield

a difference %alue; The absolute value of these diffeféngésiﬂhéuld then be

obtained. Information concerning the distribution of these values should be



Data Quality

,

9

tepgr;ed. This can be dome by.reporting the median and tﬁe Sbth ééfﬂéﬂﬁiléé
- of Ehis disé%ibution, for instance. Dividing these indices by the value of
"a Tinker will transform them into a measure based on L-units and will
indicate the level of noise obtained relative to stimulus space units
\apﬁfaptiate for the experimental situation. If the amount .of this
variability chagges Erém one part of the stimulus display to another (for
insténcgj i1f géeatef varlability 1is faﬁnd as the é&ésfmcvé into rééionsi
,Hhi;ﬁ yield the higﬁ;st EMM valué), then distributicnsﬁshguld be Eé?gfted
from both the low variability and high vé%iability‘zegiangf
Thé'experimentérbshauld also examine the raw data fer repetitious
ﬁattgrns which may be pfesént, but which do not show up in sample—to—~sample
differences. For in%}aﬂgé,va 60 Hz ncise pat;érn feéulting?fram changes in
light_in%éﬂéity in the expe:iméntal room, éf line noise, should be noted,

. ¢ o . :
Eggetﬁér with an indicgtion of ité exzeﬁéib\Aggin, the size of this noise
should be checked at ﬁath the low and high r;gians'gé the EMM signal, and 1if
‘there is a difference, this should be mentioned. As befarg, the range é%
this geise can be converted to a more useful form by'diVidiﬁg it by the
value of a Tinker. |
) §£i££; The final aspect of ;he eye muovement signal itself that needs
'takbe=asséssgd and reported is the drift. Often the EMM signal will change
avéf time with no change in the stimulus conditions asimply E%cause éfi
temperature changes or other factors that éffecﬁ the electrical
characteristics of the equipment. This should be assessed by establishing

“3

goﬁE't?pe of standard stimulus situation which can be held constant for a

N
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period of time, - This may invalve the use af a stationary artificial eye,

~ for instance: The equipmént sﬁould thgn be adjusted to prgvide an autput
signal iﬁ the low range of the ‘EMM signal and 1t shauld be sampled
ot regulstly, say every 15 seeands, Gver a periad of. time equal tn that

* i

typically required fnr a subject ta gampléte the experimental task being

‘ sEudiédii This same test shauld be fépéatéd with the equ;pment adjusted to

B .

v yield an cutput at the high. end cf the EMM signal range.a Ihé timing af Ehis
: : 1

test shgul@ibg similar_ta the typical_use of *the equipment fgr data

. collection. !That ig,>if data are typicélly collected immadiately after the
ra e -
’ eye mDVEméﬁt monitaring equipmenz is turned ﬂn, the test should be made the

‘same wéy, if the equipment is typically allawed to warm up for a period af

'time, the test shnuld bE done aftér similar warm—up. Data ftnm thjs test

Seela

'Shﬂuld'bé inéluded in the desgfiptian of EMM signal:chazgctefigficéi

; Suhma g-*gThe rep@rt afbsuggEEted infarmatioﬁ égncefning sampliﬁg rate,

delay, maximum tracking fate, ngisgg and drift in the signal will hElp—

readers understand Eamé uf thEsprgblems encguntared by thé experiméntér in

2 * :a = S

;fl making decisians about when fixatians began and ended where the eyes were

3 R -

= A £

' dirécted, etc. 'Some of the problems ipvolved are diséussed’fufther by .
Hecaﬁkiél Zcia;‘Wélv%ftan,”éﬁd Burns (1978).
. o ' ) 5_‘ i

Algnritl':hm% Used ird Riduc’ing .the Data’ .

Ey ;aveﬁeﬁt‘feéEafeh“afEEﬂ”réquirés four 1 ithmg ‘that éanve:t Ehé o

e O .

; B raﬁ data ta data showing a Ee:ies»of fixatians at pafticulaf Etimulus

. lccatians- SQEE Etudies dﬁ ﬂat need all four types of infarmatian and hénce

= LS =

do éatirequire algcrithms Qf all fgur types. Ihé 31gcrithms are for -

B R s ) . ; .

fome
L&




(a)videntifﬁihg the Eéginﬁihg gf a saacagg'(ér end ﬁf a fixatinﬁ)} o

(b) identifying Ehe end Df a Ea:cade (Df beginning gf a fixationQ,

&

(c) identifying whére in the stimuius display. the eyea were dirétted during

that fixatian, or idenzifying the diregtign and E of a c&dé, and

. &

-d) identifyingddistufhances in thg eye mavement data that sugggst that Ehé : )

5

‘data shuuld not be used (far instance, blinksS squints, nr ggher

.:a

irregularities) The nature uf .the aigarichm which must be séd to

accamplish each of these depends grgatly:an the charscteris i cf the

sigﬁal i s lf, particula:iy the level af noise, and on the nature ﬁf ‘the -

- E}

¥

in transfgrmiﬁg the data f:gm EHH signal gpacﬁ tn stimulus display EPECE.

= ri

The algurithms used far these pu§?ﬁ§és, insafa: as they are applicable
a. .

to the s udy béing repgfted, shauld he dezsiibeéé or referengg shguld be
: - - . .
made to some source where Ehey are publicly availableir 7 -

; D

u

Ex ”'i,'\ £ algarithms for taking a 1inEar integgulaticn app:gacﬁ to

map frgm EHH signals ta gtimu1u3 lacatigng (that 18, ‘tor indi;até wﬁe;e iﬂ =

& I

the Etimulus the eyes were directed at any given maméﬂt) ate givgn in
Aﬁpendiﬁes A and B. Appgndix A pragéﬂts a common Eimgle algorithm for use

in ang-dimgﬂsinﬂal eye tfacking, ani Appendix B preaents an;algnfithm far '

L } 5

- use: when both herizgntal and vertigal campunénts af'gye maVemenEa are being
mcnitared., . -
2 . : : -
T Thé use nf such algnrithms as_these EEquirp that«the Eubjéﬁtébé engaggd

in some’ sgft af galibratian task whigh yields a set of EHH gignal values

that earresp@nd to a set' of ;gawn stimulus loca i ns. The algarithm fcr
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mapping EMM - signaég ta Etimulus lacationg (which will be referrgd to here as

a mapging g fighm) i ly provides a means of interpalating between these
known poiﬁﬁs ta assign stimulus 1ncatiﬁﬂs ta ather EMM ‘signal values. 'The

calibration taék which will be usedaﬁere as anrgxample‘ig to have the

El

,:subjéct look directly at each of a serieg of polnts, and while looking at

eath; tﬂ presg a buttaﬂ. This. causggithe camputer to Eample the EHﬁ!sigﬂal

;able{’¥efgrqéd to as the calibraticn tablé. Fﬂllowing the calibration task
this table Qé numbers 1is used by the mappiﬁg algarithm. Dther.tasks can be

ﬁsed,~af caurse, and this may 2hange the naturesafgkhe algarithm used for
5 | .
mappiﬁg (far instance, gee Q7 Regan, 1978) Thé“naturg of the calibfati@ﬂ
task and: af the resulring éalibfatian table - shauld be reported.
= L r ’

It should be pain;edlnut tbaﬁ,linear incerpngtiaﬁ approaches.of'zhe

€

' ty?e déscfibed,ig these Appéndices make two strong assumptions. "~First, they

.assume complete Tepeatability 6f the EMM values obtained during the -

éali@rstian task. =Segagdg they assume that, within each §tiﬁu1ﬁs-tegian

bounded by adja¢ent points used in thégcaiibfatian”task, Ehe)ﬂisténces

‘between real fixation locations and the'd;fferéncés between the EMM values *

corresponding to each of these locations arérlinéafly related. To the
axtent.that;thése assumptians are violaté&i the é,c uracy of the data, in

[
=

‘terms gf where the eves dre be i'g directed in the Etimulus or in terms of

:che absalute lengths of saccadésjjié Efought-intp quesﬁicn. . ‘ -

* Some suggestions can be made for improvement of the écﬂuraey of this .

aspéci of the data-% First, great care sﬁéuldﬂpé mgﬁe in abtsiﬂiﬁg

| ) | - 'v‘ff;gr N ?
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r3peatablg'EHH values far h fixation target location during the

ﬂglibratian tagk! Subjects must cfteu be trained to exergiaa care in this

aspect of an:experiment. One way of d@ing this is to gunsisteatly provide |
. . 5 ! - . -» ; = & N h . (
them with Eéedbhek—eancerging;the degree of repeatability they are showing.,

In this way, subjects can. be engaged in a sort of gamé=af improving theif'

own .performance on this task. Another teéhnique that can be used 1s to have

;he‘subject?Fixatg each target location mﬂfé'thaﬂ.ance during the
calibration peff@d@ Then 1f the EMM valugs thainéd frnm the same fixaticn

target lncaticn are nat sufficiently similar, the subject can be requi:ed to

_“fixate that lniaticn additianal timés until successiva values are clase

3

,Eﬁqugh tg meet t?ézﬂfitéfiﬂn set. In_this way; spufiaus-values are

rejegtéi aﬁd greater ggnsistency is cbtained,; if this technique is used iﬁ;

L

. an experiment, the 1nvestigatﬂt,shculd fepnrt the cfiterian used for 3
- ag;ep:ing EMM vglues during ga;;bratian. “ | _

| It h;s ggen gﬁf exﬁerienéegﬁhat one saurcé-df spurious values Sﬁfing

-!lfgé}iiéégiﬂﬂ ariseé fgamfguﬁjéztg ‘tendenéy to move their eyes’ away from thé
fixatian painéléga quickly. 1If the task is ta look directly at a pnint and .
préss a buttnn, gubjeﬂLs will gftsn initiate a gaccadé before the bitton is
presséd. This tendency can be greatly réduced by having nnly a gingle’ )
fixatian target availahle at any one time. After éaghvEHM ggmp;e‘ig.taken, N
Ethe target is tﬁen mevad to a new location. -In ;ddigiaﬂ,%s tendency f%f the’

F
3

' subjgcts to* anticipate the move of' the target agaln making gaccades priaf

to pressing the buttan, can be reduced by leaving the ‘target iﬂ its present

a
&

" location for about SDD msec after the buttgn is pressed,  and only' then

' moving it to 1ts next location: ‘ B ' o '_ ' i
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. -Given that reliable EMM values are recarded during the :alibratian

task, there is still the problem of dealing with;nﬁnliﬂeafity in the EMM.
P . ,f : [N ’ ,

.signal. The presence of nonlinearity, when using a lineak interpolation

mapping approach 1ike thnge pfesented in Appendicés A and B, has the effect

of: producing error in the accurazy Df mapping frnm EHH values to- stimuluss

= &

1acatigﬁs in thagg fegi@ns between the fixacian‘target locations used during

~ calibration. An approach to assessing the amount of this error in a given

experimental situation will be described in the néxt sectlon. The amount of
= . . B ) i B ? . ) | L 7 X : . ) ) .
error can be reduced, af course, by using marg fixation target lDGaEiDDS‘

: dufing calibratibﬁ, and bv zgngentrating the density of these ‘locations in
the regians af greatest ﬁanliﬂgarity. , . _
i iy . 7 : U
The ather appraach ta dealing with nanlinearity is tﬁ abandan the use’

s .
3 £ =

of l;neat intéfpﬂlatian techniques.- It ig hgped that those researghefs S

‘using-céfeilinéar iﬂtétp@lggiﬁﬁ'téchniques for 'apping from EMM valués to .

;stimulus lagatians will be EﬁCGUfagEd to describe these techniquea in priﬁt-

3

b :D Regan 8 (1978} smooth pursuit gppraach avaids all intefpclatian! given

K that mavaneﬂt’in Dnly a aingle dimensicn is being regdrded.- Havjng .

T alte rnative appraaches available Will pfovidé new inves ;fg ators ‘with a

!}!seleztibn frgm whiqh Eﬂ choose the - mostnappraptiate for their purpgsea, T
N given the gnnstraints of their reseatch (accuraey gq ulre ents, time or
,gnmpgter BPEEE limitatiaﬁs, ete.). o L i ' ,f .

1] * o

o
-,
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A,gufa ey nf the Eye Pesitipu Data -

There iE often some. :anfuaiaﬂ about the meaniﬁg f’ag:uragg when

épeagiﬂg about eye movement data.’ 0“Ragan (personal communication) has
suggested distingﬁi@hing,hetween relativg aecqfagyfand absolute accuracy.

5 = U ,,-”'ff _ ) o - -

Relative accurﬁcy refers :to the resalution or gsensi rivity cf the EMM

eguiﬁﬁént: that- is. huw small a diapia:ement of eye pnsitian can be reliably .

i

@

'detegted Absnlute accuracy referas to the ability nf‘thg system to
determine the grientgtien af the eyes with respect tg lacatians in the -

visual field. - EMM equipment can have very high relati?e acturacy, yet be

poor in absaiﬂtg ‘accuracy, fDE a number af reasans- It is impafgant that

gamments Gn:accuracy indicaﬁe,whichﬁtype %g_being discﬁggéd, ‘Invghe present

b3 i

context, the term accuracy will refer strictly to absolute accuracy. -
. i . ! . ‘ g 3 . . _,,.',? 1 . M ) .
Sources of inaecufacy in eye'paéition_data can be gtﬂuged Ainto three

eatégériéé- First is error which reduces sheftatérm repeatability of the -

xr.

‘=eyé movéﬁent sign&l- This- iﬂgludEE naise in the EHH Eign&l, inability ‘of

aubje;ts tg fapusitign their eyés acgurately, etcn End hence lgads to

variatian in eye pﬁsitian ﬁalueséwhen Ehe persgn ia asked to suce 753 vely

-

fixata the same puint- Secand is Errar int:aduged in mapping ffam EMM

.

values to, stimulus pnaition. This primarily resuits from ugiﬁg an algarithm

.
" bhat is inadequate to deals with npnliﬂeafity in EhE e 1ib stiﬁn matrix.

==

Thifd is errur ﬁhich develﬂps over time during -the gzperimental task, and

might be called longe tgfm rapeatability- Due to head mﬂvegenc,ieleetruﬁic )

f L]

:drii;,'pr ather fgetc:sg calibration vaiues obtained prior to the task may

. O

aiffé; - from those taken following the task.
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L

gfee of shgrt—term repeatability; The ideal eye mavémént“mnnitafiﬂg

situation wauld be one in whiah the EMM gignal returned ta exactly the same

o5

vglugvevery_time avsubject was sgked to look direztly gt.thé same location.

That i3 an ;de§1\which 1s not reached for a number pf-feéaanéi S ome of the

reasans*wgfe'dealt'with in a prior section: EMM signal noise and drift.
?Ecwever; other reasons could include éérying iightingicanditicné in the

éxpefimental room, head movement 'pﬁpil size chgpgés (whigh may result from

ﬂhanges in the ampunt of light emanating from a CRT d!splay or from

L

: pupillary respansés tn prggéssing activities), changes in eyelid pcsitiﬂn

(espe:iglly when egelashés intrude intaaﬁhe sensed region, amount of flyid
on the éyéfs surfgée (whi%h may vary with the time elapsed Sincéhthe_last

- blink, or with wlether or not an air conditioner in the: room is on at a

given mémént), variagSvEyPéa éfsprgblegs in the dynamic operation of.the EMM-

y -

~on 1S§Enéy in thé?pﬁsitian of the" subject”s gyegfwhéﬁ

ﬁ*i‘self or - ack’ of

\I'-l

aéked‘tg lack diféétly atftﬁe“séﬁé 1ﬁcatian. Thus;ﬁan indizgtibn=gf Eﬁéi
: fepeatedly at the:same paint gives a gén2falwsummary gf!the qua licy nf fhE

i

entire eye movement monitoring situation.

-For a ﬁngidiméﬂsignél'éyesﬁfackiﬂg.situgtiun;:this can be done by
-cqupcﬁing a tésk 1like tﬁé calibration task deséribéd Eariiér‘iﬁ which'thfée

E§>fi§e.fixg;i§h ﬁointé gfe.ﬂisplayeﬁ at equal distances apart with the

t me péints;beiﬁg at‘the éutsiéé edge of the stimulus regian within whi;h

‘eyé gc@emgnt-mcnitaring acgufs-in the experimental situation. The subject’

iis Eheniagkéd to look directly at each point in succession, If a .cathode—

&
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ray tube (CRT) is used as ‘the display dEViCE,’ ftarggt (say a dot with a bax\
around it) can be made to apﬁ ar succesgsslvely at each of these points'in ;
sugcéésian or in some random Qfﬂé:. ‘The subjegt 1s asked to look directly

at eézﬁ'dct in each locatidn and press a button. The EMM signal value

shguld be nbtained Qariesponding to the time of each- button press (glven-

. that the eyes are in a fixatian)i If the signal is quife ngisy, an averagé-

Eéverfsayerél EMM values following the buttun prass should bé ubtained to
inﬂicacgﬁfhe EMM signal obtained when the eyes gfe directed to that point.

~ This iéfdone Eepeat%dlyiuntil the. subject has looked at‘eacqlpnint, say, 10

g

‘times. Each successive EMM value can be subfracted from the previously

obtaitned value corresponding to that point to yleld a difference score. . The .
. standardjﬁeviatigﬁ af the distributiaﬁ ﬂf.théEE §TTQE-SEQTEE éaﬁ be

o 3,

obtained.. This standard deviatian then becomes §n indi;atiﬂn af the degree

¥
i i

Df short -zerm prEatﬂbility af the data. Furtherma:e, if thg standard

deviatian is then divided by the=Tinkaf value, the index\af repeatability is

A

t:anafﬂr :djtn an L—unit sc&le- :ﬂ C | e
' :i,fare thfee added-ﬁamplex ties. First, different subjeqts may shgw‘

#

. - \
;deifferent dggraeg of vafiability in such a measure ef repeatability, since

‘the measure depends on theit abiiity to adjust their eyes to the same

i

p@si,inn.when iapking at.the samé 1acgtion, and with some quipgent on their .

£

[

abflity Eé keep their head maticgieé;- Thus, it %gygbe beét~ta*h§ve a,réngé
;ﬂfggtéﬂdééd dE?%ét%DﬂEiﬁBE&ipéﬂuffém:Eéfétéi subjecé§; Sgééﬁé, the agcunﬁ?
. cf“variébility méy'ge diffefent*ét different regions in the fisgal field. .
.thgg the Eﬂmyvaluéé»ébtéihéd;whegfé subject is looking ta:tﬁe outer areas

[
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of the region withiﬁ which the eyeszafe belng mgnitaréd téné tgibe iess
'sﬁablg than when lgéking at the more central areas. Thﬁs; sgﬁe Indication
of ﬁhe range of étandard deviations obtained ffﬂm=§iffé?égt areas in the = _
v>visuai field ahould be ind!eatedﬂif there is $ubs£antial vafiability. Aisa,
the experimenter shculd report any pacterns abservable (far instance, a

tendéncy to have less répéatability in partieular regions). Third, the task

as described may not tap gome sources of variability presént in a'given EMM

system. ?ﬁr'ingtancg, if pupil-sise changes affect the indication of eye -

vpasfﬁicn,'tﬁeﬁ the eyé ﬁnsitian'récafded ﬁay depend partially on the amount
. : S L a . L .

‘of light coming from a CRT displéy béing viewad by the subject. This cﬂuld

Joceur in a readiﬁg expérimént if one page of text vere shgrter than sngther,_

thuseraduﬁiﬁg the total illumina;iﬂn coming from the CRT. The Effect uf

-

this variable cﬂu1d~ﬁé asaésséd:by ﬁaving the subject look repeatedly ﬁt-thé
same set ‘of peints, as indicated Earliez hut alga adding and deleting |

Jext:aﬁecus material on ‘the CRT to ehangé the ‘total illuminatinn available at

i ] =

idiffgrent_timesi ;The effe;ts of some other pcsgible variables ;an be

: asseséedfin th%‘séﬁe way.
If ‘the eyes are being manitnfed cver a. twa—dimenaian&l area, standard
Z,deviatians shauld be calculsted fnf buth hcrizental and vefticalwmgasures of .

_éye position 55parately. Furthermare, this prEEES should be’ repeated with

the row of fixatian paints uccurfiﬂg at three to five different vertigal :

-1acatigns, in order to EEEE re ability over thé enti:e area within which
é?é movement maﬂitafingﬁis-taking glagea - N .
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While this measure of régéatability gives'sgme iﬂﬂieatian of the total
\
gystem performance, it is of parti:ular 1nterest in dealing with data when

5

the galibfatian pruc&dura used Lﬁ the actual research is similaf to that

, Edescribed abgve. lnfarmatian éggut :Epéatability prgvides one indication of

the degree ‘of faith one shauld have in Ehé aggﬁracy of the mapped data

values, and whether one can have more faith in the agcufaﬁy'af data coming

from certain regions of the display area than others. Other indications

will be deacribed later.

N =

A second way of providing repeatability data is to collect the data f

.during the experiment itself’ In this approach, subjégts are asked to look

at éagh-fiiatién target twlce or:mbre in the «calibration prior to the

7éxpérimental task, and- then twice or morae immédiatély fﬂllnwing ;h5=task

thus yielding at leagt twg pai:s of EMH values far each fixatiﬂn target

=

‘1g¢atiun. Difference sccrgs are,then_cgpputed by subtrszting,ﬁhe first of

-.each pair,gf successive values from the Séeqnd; The standard deviatinn of .

the’ distfibutian af Ehese differenges can thén be repnrted divided by the

P %

“\Tinker value to ccnvert to the L-unit's;ale, ag deszribed earlier.

L

Accutacy of the mapping functian. The-secdhd‘af these . séufcés‘ai

'xin acy, which results fram the mapping alggrithm,_shauld alsn be

, assesséd and teperted- Thig can be done in thé £§11uwing manner. - Eirst, a;’

cslibratian task is. usgd in Hhich the subjegt is asked to look directly at a

series nf puintﬁ aﬁd press a button, with the camputer sampling the EMM

vglué corresponding to each s;imulus 1§¢atian! This ggr;es of pﬂints shauldr

" inelude thasg;lacétia%s used in calibratianzih Ehé normal experimental task,‘

.
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A

! B3 i 3 . f ’ . Lo

plus points haif!wéy between each of thesé;lwhich we will refer to as mid-

points. Second, the mapping algorithm should -then be used to assign ,ﬂ

» stimulus locations to_each of the mid-points, using only the calibration

data ccrréspanding to those points normally used in calibration in the

@

expefiment. Third, the location of each of these assigned stimulus

~ locations should be subtracted from the actual locations of the’ -

corresponding midpoints to produce error éﬂafés. The distribution of these

..error. scores then indicates the deg:eevaf combinéd error from the lack of

short-term repeatablility glus-ingccuragy in the mappiﬁg! This can also be
agcampanied'by some indication of the degree and nature of the:naﬁlineafity
.typically found in the ca;ibig;;on—table,Hsa the reader can have some -

=

.- impression of the types af;gigtaftiéns with whiﬁh thenmépping algari;hm was

faced. 7 ) - f ‘
e ,f Qgg;ee of lung r-term repeaiabilityi The:third source of inacéufacy'

has to do with thase factnrs thgt can - change over. the period that data are
oo

being Eallected during anxexperiment, in:luding head mgvement,,élegtfanic=
dfift‘ été. The degfge of inaccuracy from these gources can be Qbserved by

_'engaging subjecta iﬁ the calibratiun task bath héfa:e and after data

callectign, and camparing the calibratia' tables obtained by subtracting

5] —

’ .cnrfespﬂﬁding values from the ‘pairs. of tablés- This Yields a distributi@n
f'gf E;;ér scores teflacciﬁg bouth- ghort-term and iéﬁge ~term peatabilityi
| Théhmean and Etandardédeviatinn af this diatfib ion shauld be reported.

Often this third sugrce of efrarjis the greatest captributgt to total
iﬁaccufacy in therdatgi:ggaulting;priﬁéril?'ffamwthe eff%;ts of head t
: S e A . : . e
o S
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movement. If it can be .demonstrated that the degree of inaccuracy)

esulting

from the first two sources ‘is relatively smail, then 1t 18 possible to~
. “obtain an ihde#{f@f each data value which indicates its degree of 1inaccuTracy’
. due to this third scurcéi and its levei-af accuracy in.general. Such an

index can be particularly useful in reporting theﬁlevel;gf accuracy of data’
for a*péftiﬁular experiment, or in selecting only those data which show an
acceptable level of accuracy required for EBE‘éxﬁériment being conducted.

" In order to obtaih this measure, it is first nec essary to- perf ma. -i

talibtatian Eask both before ﬁnd Eftéf the éxperimental task. . In this way,

two sgts of EMM values are abtained which carrespnnd to particular stimulus

=

locations, one:prior to the experimental. task and qge fallawing it.
: ) . i . P 5 . R ‘ “ 5 - : ' .
'Secnnd ﬁhé»aséumptian’is made that’dufing the task used in the -

:aﬁge between Ehage which would be asgigned by the calibrstign table va%ges

*@btainéd befare the task, and those which would: be .assigned by the *

=

; 'galibfatiaﬁ tabié ‘values obtained after the task. : » .

While this asgumptian is. undaubtedly vialatad at times (for instance,
the aubject head mdy move 1n one direction and then return before the end

o ‘of the task or drift in the aignal may pfaceed in one direction and then
. . .
fetnrn), we da not have diregt evidence of guch ev s gnd they will be _

agsumed to cggur sufficiEﬁtly Eeldam to permit thEif being ignﬂred.

. = .
5 1] . &

any given data value. To do thisj 1t is first reeagn;:éd that three
different sets of calibration values can.be used to map'é'giveg data value

Tod
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I3

. onto & stimulus lodation: the values obtained prior to the experimental

' task, those obtained following 1t, and sn'avgtageléf these two. Usingd

thesa, an EMM data valﬁé can be aasignéd thteegdifferent stimulus locations
s L . ’ A
thr ugh some mapping algor ’ithm guzh as tha pfesented in Appéndiges A aﬂd

B. Since we do not knnw which of Ehése 1ncatians is the most accurate (thsti:

is, whieh carrespands mast}clasely to the 'thE position of the@eyés at

that time), the 1ccatian obtalned by usiﬂg the averaged Ealibfatiﬂﬂ data
,will be taken ta indicate the hest guess. Haweve:, taking the absalute

valué of the difféféﬁééibetween the other twg lacatigns 1ndizates the Eange |

.efjigcertainty of the 1antion cnrrespﬂnding to this data paint. Since thé‘

¥

- location obtained f:om the ave:aged calibration data E half-way bEtHéEﬂ the
‘ather two locaticns, a simplé indicator af data ageurag?~i§ ;pmpuﬁed“by’
~ dividing the range of uncertainty by two. ' It should be noted that this'ésmg'

.value would be obtained by taking-the absolute value of the difference -
befween the location assigned by the averagéd cglibtatiﬁn data and eiéher of -
" the other lccatians. Thus; it is not nécegsary to gampute 311 these-:

¥ . i

. locations. This index, which will be rgfe:red ta as . the Index of Agzuracyl

R

ifA)j,indisaEES'thgt the stimulus;lagatian‘assigﬁed to that EMM ﬂata'valué ;
bby using the averaged calibratian values may be off in eithar the pnsitive

S or negative,direetiﬂn bg'aﬂwamgunt iﬁdigated by-the iﬂdex‘- Thus, if the
three lagatians which a;é aE;igned to an EHH dat; value of12037 ‘are 45.,; .

;" \"3 ',
:47;2, and 48. 7 ve wauld take 47.2 to be the lncatiaﬁ af the eye (that 1s,

the eye 1is gfiented to a 1acati§n 2/10 of Ehe wag'aefﬁgs the 47th Lga;eai

’Hawever; we would also indicate that this 1écgtiag‘may be off by ‘as ‘much as

#

29
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1.5 L-units to left or right. If the experiment requires accuracy of 1 L-
: \ _ - . _ N ; T,
unit ‘or less, this data point would be excluded as not having the needed

2

*

level“of aczufaéy.

Of course, the same prucedure can be followed for calculating the IA on

B

the vertical dimensian for any data value; In cwaﬁdimensianal eye trackingi
K a datg'palnt may béiféjégtéd bEESEEE a’ failﬁEEEEQVDbtain sufficient

aczuracy on elthet gf the two dimenslans. o ;._

A fatmala ia preaénted in Appendix C for difectly calculating the IA

Vfai any data value when dealing with linéar 1nterpalatlen with -
. ‘énldimenslénal aye tracking, wlthaut having to calculate multiple stimulus
* , .
lééaéiaﬂs for eacﬁ data’ _value. With more. Eﬁmplex mappiﬁg fuﬁ:tlans it will
,Pftgn:béiﬁéﬂeééary fa ;alﬁulaté the IA in thé manner desg:lbed above. 7

[

téghguld be nated that ln pa;kaged EHH systéms wﬁlgg du not make

E

gallbratian infarmatign availablé tﬂ the’ reseafchér, bgt simply uge ‘it
internally tn map eye pnsitian data ﬁnta the stlmulus space, lt ig not

4_§§Ssible ta abtain sueh an in&ex;= It is partl;ulatly lmpartaﬁt that

acﬂur cy ‘be ca:efully asséssed with these Eystems uslng techniques similaq
: . < ‘,; - R ’1 / v
tﬂ!thase dESErled ea:liet, siﬂce inaccuracles are ﬂften not readily . ”ﬁ

appa arent in data ﬂarmally collected- for experimentg-j o S

_ .+« . - Conclusion.
& - _L—

Th% present paper’ attemptg to encﬁufage gtandards 1n the reparting of

psychglagisal reaearch invalving eye mavement data.- It argues that it is

nut apprupriate to sdapt Etaﬁdsrds cgnce:niﬂg what is aﬂceptablé data; since

i = o

" . that vafleg with the nature uf thé ques;inns belng studled. Hawever; it is’

. 3 4 i
¥ . : . 2

P = ’;"\ _I . - N .
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appropriate to list the information which ought to be reported by
i K o = : ‘ i .

researchers so thét.aﬁﬁersjcan jnge the §dequacy.afztheir data. Thus, this
}g an afguméni fﬁrlstgndards in the reporting of data, rather than standards
concerning tﬁé déca-itsélf- t |
- 1f investigatgrs engaged 1n eye movement research willﬁuse these
suggéstiaﬂs to make a rather cDmplété Eepart of the quality of eye mavééent .
data abtainedrin ;heif ;eséaréh, ﬁhé:e should be‘EEVEralfﬂesirable fegultsf
'First; che%finveétigétéfs gill have a basis for jg&ging the aﬂequacygaf the
data feparéed,in!aﬁ_expéfiﬁént; given the nature of the ﬁugétiéns being
inve igated Secan&— individual investigators will begiﬂ to have Btandards -
)
fin the published literatute against which‘}hey can judge the adequacy-of
their own data. Third, this is likely to put pressure on’ bath investigators
and!gquipﬁent ﬁaﬁufaéturefs to iﬁcreasg th% data~quali§y of their eye -
m@veient mﬂnitafing aquipment;,' |

In additiun, it is our hgpe that these suggestiﬂﬂs will provide the

ﬁéginnings of a-vncabglsry'ﬁar diécussiﬁg the quality of data being abtgined

= in this burgecning=%eségrch area. . - . foy -
‘s\\\
\
B 7
‘1
. l
!
P - !
q k3
2
« N ]
y o
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Appendix A

o

=

_Linear Interpolation Approach to Mapping an EMM Value-

onto a Stimulus Location in One Dimeéaiqni

£

It 1s assumed that a calibration Eask has been performed which provides

EHH;vslues which correspond to certain known points on a single dimension in

the stimulus array+ The location of these stimulus points is given in a
've;tar_kg The location of eatch of these paints is given on a scale of L-
units, where the left boundary’ of the ifh L-area has a location value of i.

Thus a point at the center of the 5th L-area from the left of the display

has a location of 5.5. This type of scale allows for easier campétatign ‘

with the data later, since taking the integer value of any iacatiﬂn, without

rounding, indicates the L-area within which that point lies. :. , !
The EMM values corresponding to the locations in L are contained in

— - =

vector E. Thus, Ei contains the EMM value corresponding to stimulus K

location L. .
—1 .

In mapping, or tfanslgé;ﬂg, a gi;en EMM data. value D to a stimulus
pogsition §, 1t 1s first necessary to locate the last vglue in E which is
;Engi to or smalleféthan D. " This va%ue will be labelled~gﬁ, and
D .

m Er1e
be obtained by using the following common linear-interpolation formula:

s

D < This also indicates that L 5 S <L ,.,. The value of 8 can
- . -m = ol - =

oy

'§'



“ ' : ‘Data Quality

.

At times an EMM value maybe éhtained'whigh falls oﬁtsidé thé bounds
given by E, and E» vwhere Eﬁindicélés»thé number of entries in E and L.
When D < g&, the interpolation can be suecegsfilli csrrieéﬁou%‘wiéhig =1,
and when D > E_ the interpolation can be éatried out gith{;‘a n - iiy 0f

iéu:se, the accuracy of the éegultingag locations becomes more suspect the

A

farther they fall outside the region within which calibration data were

obtained.

3
; A ‘ .
S
o
\
4 -

ij'!,,
iJiJ
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Appendix B

Linear Interpolation Appfasch-éa Hépping an EMM Valije Pair

onto a Stimulus Location in Two Dimensions '

It is assumed that a calibratién task has been gérférmed which yields a

set of EMH values which correspond to certain known p¢1ﬁts in the Etiéﬁlus .
array. For simplicity,. we ﬁi}l agsume. that these lcésﬁions form a grid over
the stimGlus, being étranged in r;guigr éﬁlumns anﬁ rows. As in Appeu&ix A,
the locations gf these_églumﬁs and rows are giyen in L~units. A column of

stimulas pﬁints at the left-most' boundary Qf‘fhe ;Fh column of L-areas is;"

glven aaharizantal location of 1; a row of gﬁimulgs points at the bottom

_ baun§éty of -the ;}h row of Lia:essV(count%gg frnmithe battém) ishgiven a.‘
; vertic§1 location of 1. fhus a foint at'éhé centérlgf the bétt@m‘left L=

area has a ﬁorizantgi location of 1.5 aﬁé a vertical location of 1.5.
The ﬁér}génts%band vagﬁieal lccaéggng of each of the points for which

EMM valués aré\Eéaﬁn are agsumed to hé contained in two vectors, LV which’

contains the veréig%l 1§catinn of each of these points. and LH which

on which calibration values were obtained. LH contains ¢ values, the number

~ of columns in the calibration ;agE;
The horizontal EMM values associated with each of these gtiéuius
) 'lacagiens is assumed to be éantained,iﬁ.a macfix;‘gg}:havinghg réws and c
éaiumngi A’secand matrix of the same size} EV, cantéins tbé-fer;icai‘EMH
values assqciated with each stimulus location. Thus, the pari%antalzan&

th calibration pdint in the ;Eh °

.

‘'vertical EMM values corresponding to the J

-
-
h"um.
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row are contalned in EH, ., and EV, .. These values can be used to plot each

= —i3

calibration point in EMM value space, as shown in Figure 1. Here ‘the scale

Qn'thé X-axis ;s the horizontal EMM values, and,éhe scale on the E;giis,is
the vertical éMM value53: It can be seéﬂ that while the orfginal calibration
.stimulus'lacatiﬂng may hﬁfe been arraﬁgéd in a rectangular grid pattern, the .

! ﬂcarféspanding locations in the EHH séace;may not be. The Ei;titiauﬁ data
Jghgwﬁ in Figure i are highly nonlinear. | |

Figufé 1 alag shqwg a pafticular EMM data. pgint D, having vertical

position Ev and hﬂri ontal position gh for ﬁhich’a cﬂrféspanding stimulus
location S, having vertical pﬁsition S and hurizﬁntal _h, is désirédg Ank

algorithm for mapping D onto S, using a linear in;erpnl&tiéﬁ apr:....—h, will

now be described. , _ . g

1*_" First it is’ ﬂecessary to detefmine ‘which réginn of the EHH value spa:e

éhawn in Figure 1 cnngaing the lacgtion 2: This regign 15 shaded in the

figure and shown in e%latged form in Figure 2. This reglon can be fngnd’by

to calculate the slope and intercept for each line segment shqwn in Figure 1
connecting two sﬂceegsiéé,ealibtétian points in either the horizontal or

ver%ical-direcﬁiﬁn-‘F

4y

Co
W
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Tos

The steoping process begins ét the 1g§ér left corner of the pattern, at
éi,l’ and the fi;st step 1s in thggh@figantal d;féctian to il,Z' At that
point, we ask whethnr the datg pging E;l;es above, on, crrbéléwithe iiﬁe
passing.thraggh é%,l and il!z;l'If it lies above, i should be!iﬁgfemented_

. for the next step; if it lies én or below, j.should be ;ncreﬁénteda In Fhis

case, it lies above, and the next step goes to A, 5 _Again, the data péint
H : 4 ' N 7:; - N
D is compared with the line just traversed (A, ,3 A, ,), this time to
: i B &y &

determine whether D lies to the right, on, or to the left of that line. if

to the left, {1 is decremented Cif‘pqgsiblé); 1f on or -to the righg, it is

incremented. Thus,'en each step, the data value D is compared with a line

éassing through "the last arc ttavérséd; and the next Etépfis in Eﬁg
:dirécticn of the data point from the.line; that is, 1s0or j is elther
vincremented-gf dezféméntéd appfcpriately_ Where movement in that direction
is impossible (as when Qgiies beléw the bottém line éf the cglibrééiaﬁ
paétérn), mﬂvemenﬁ continues in thé‘s§me direction as the last step. At
corners, maveien; goes in the dnly'direetién possible. Moving back t@vthé
immediately prior sté% is not pétm;tte&i .

At the séme time, a hiséary is kept of the points visited in this
stéppiﬁg; When the algarithﬁ résults in & return éa a point previously
visited, this p@intsénd'thgfpfiér three pGiﬁts viéitéd‘wi;l.be found to
specify the region withina whiéh E;lieé, or thch shchi&ﬂbe.usédifﬂr mapping
wvhen.D lies outside ‘the calibration area. ;hg_stimﬁiﬁéeiagatian'éféthé

4

calibration point at the lower left corner of this area will be labelled

o

. , 7 _ _ N ] o
LV , LH_ for the remainder of this section. It has a corresponding EMM

i_;e
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&

space loc tian of EH s EV_ n The four lines bguﬁdiﬁg»thigﬁarea,athe:fauf

—m,n’ —n,

Eﬁintsﬁdef%ning those lines, and the four corresponding points iﬁ the

calibration Etigulus array, are used to map E_énté a stimulus location S.

In actual“préﬂtice?rwhile’it is néﬁessaiy-tc use the sﬁépping algorithm
Just described to find the 1écatinn of the first EMM data v&lue, Each
succ 1ve value can typigally be prapérly located by, testing ‘whether this
new value hasg créssed the baundafy of Ehe fégiaq Qantaining the last valuei
in the direction it has m@védiffﬁﬂ’thé prior value.
. Once th; feéien withiﬁ which gfis located has been fcﬁdd, mapping to a

stimulus lacatian 5 prDtEEﬂE by linear interpolation as ahq%n in Figure 2

and described in the steps degc;iﬁed below. Fntﬂease of communication each
,_g I

point has been given a single 1,,t er degignation. It is assumed that the

slope and intercept of the 1ines Eaunding the tegiﬂn, WX, WY, XZ, and YZ,

- . . "
have already been calciulated and stored in a table. . fi :
1. Find F F, thé If WY and XZ are

essgnﬁially

2.- Find G, the
egsentially
"3, TFind the slo
the average

4, Find H the
7‘5- Find N, the

6. Find P the
-7

distance ftam!E to D; as

point ﬁhere WY and XZ intersect.

parallel flag F1 stegd.

point where WX and YZ intersect. If WX and YZ are

parallel, flag G instead.

pe and intercept of 1ine,££: If F 18 flagged, take

of Ehé slopes and intercepts of WY and §§iinstééd.

point wher e FD intersects YZ.

point where zg_interse:ts WX.

a proportion of the:total

distance from N to M. . o

. m‘r“‘:!‘
-
"
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Vertical position of § is given by:
S, LV, + By Wy - LV,

where 8 is the vertical position of the fixation in the stimulus
space measured in L-units from the bottom row of L-areas in the

1

stimulug space..

LV =  the vertical location in L-units, of the fixation targets

éarréslmndiﬂg to points W and X in Figure 2.

;Z%+l = the vertical location, in Lﬁunitg,vaf the fixation targets

corresponding to points Y and Z in Figure 2.

aF

Find slope and intercept of line GD. If G is flagged, take the

W

average of the siapes and_intéfcepés of E;_aﬁd Yz instead.

Find K, the point where GD intersects with XZ. }
' % y

Find gh, the distance of H to D, as a proportion of the total™

distance from H to K.

Horizontal pégiﬁicn of § is given by:

—LH) s |
is the horizontal position of the fixation in the

stimulug space, measure in L-units from the left-most.column of

L-areas in the stimulus space.
LH = the horizontal location, in L-units, of the fixation
targets corresponding to points W and Y in Figure 2.
LH .. = the horizontal location, in L-units, of the fixation
targets corresponding to points X and Z in Figure 2.

/

5

20



Appendix C

Calculating:ﬁhe Index of Accurééy‘(lA) for a EMM Value

It is assumed that giéranslatiaﬂ‘mat{ix has been obtained both Eefcfe

and following the CESE by getting EMM values regsulting from looking at

*;ertaiﬁ4stimulﬁs%lécatiansa For the present, we will deal with eye movement
m@nitating;@ﬂ;é single dimension, assumedﬁta be h;rizaﬁtal. Thusy the
calibration matrix in this case will be In the form of a vector.

First, th?re 18 a vegtor ég égntaining vaiués indicating the location
of the points in the stimulus for which calibration infatmatiéﬁ i§ obtained.
L will gaﬂtain as many Galues as:thare-a:e paints on this dimension for
which éQtf%Eandiﬂg EMH values were obtained. The values in waill be in
L-units. | : o L | . )

_Next, vectors of EMM %aiuesizafreépq?ding to ééch of these stimulus
lacétiang are defined. Vectét EA, With values Eéi . s s Eéi .o gétj

where there are c stimulus locations used in calibration, is the vector of

-]

calibration values obtained before the experimental task. Vector EC, with a
. similar number of cells, contains the calibration information obtained after
the task. A vector EB is obtained by averaging the corresponding values of

A and EC, -and another vector ED is obtained by suﬁtfécting each value of EA »

\m‘

from the carrégpandiﬂé value in EC. Thus ED is a difference” vector.
b ' . " . . )
Finally,-there 1s a EMM value, D, for which we wish to obtain an Index

~of Accuracy (IA).

The first step 1s to find the last value of Egiﬁhich 1s smaller than D.

=1

" This vdlue will be réféffed to as EB;. Hence, Eéi = Qi{ §§i+l’

s
=

[
o
Ly

Ty
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Next the following formulae are used to calculate IA for §:
Q= (EByyy = EB)/(Lyyy = By
WthE<g is the number of EMM values cﬂrregpanding to a single L-unit in this
fegién Qfxthe‘SEimulua pattern, or the local Tinker value.
Lo (—1+1 9) _
IA = (ED, +W)/2Q . ; o

Thet result indicates that the translated value §icgttes§andiﬁg to data

vsluglggis'agcufaée to plus‘at minug IA Liunitsj if‘shaftﬁtéfm repeatability

is high: and the mapping ,1g rithm yields minimal error.

If?twa—dimensiﬁnal’éye tracking is being c,rried out, a similar

technique may be Emplayed ta yield IA values far bﬂth hafigantal aﬂd

verticsl gﬂmpanents. In this CEEE hQWEver it {8 necessary tn think of then

£

EMM data space as being divided into qugdfgnglga; ﬁith four chnefé'défined o

by data values céfrespﬁndiﬁg to the four puints used 1n the calibfatiﬂn-
task. An EMM data pair (horizomtal and vertical values) must then be
1a§st§d asrbéing within one of these quadrangles. From tﬁére, two stimulus

locations can be ob tained using before and after calibration information, as

above, and their distance apart found. Theée distances on horlzontal and

vertical dimensions are each then divided by 2 and these products are

di#ided_by appropriate scaling values to yieiﬁ +1A value, inﬂieating the

accuracy of that data point in horizontal and vertical L-units.

SUITRECR
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Table 1
A List of Items to Report

in Indicating Eye Movement Data Quality .

A. Characteristics of the signal
1. Sampling rate
2. Delay of signal
a. Time required for obtaining information to calculate eye
© position '
b. Further delay until eye pnsitia signal 1is available fer
" gampling
c. 'Further delay until Bample is obtained
d. Additionsal time fequired fﬂf'é@nverzing the sample to a usgable
form '

3. ‘ngiﬁum tracking rate of the eye movement monitoring equipment .
4. Noise characteristics of the signal”
5 s :

. Drift

B. Algorithms used in reducing data ,

1. Algorithm for identifying beginning of a saccade

2. Algorithm for identifying end of a saccade

3. Algorithm for identifying where the eyes are directed during a
fixation :
a. Nature®’of the calibration task

-~ . b. ..Nature of the calibration table . :

4.. Algorithm:for identifying distufbancea in the gye muvement data

C. Accuracy of the eye position data
. 1. -Degree of short-term repeatability :
2. Accuracy of the mapping function
3. 'Degree of longer-term repeatability

£or -
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:ou

Figure Captions

Figure 1. Plotting of hypothetical EHHfdaFg from a calibration table
abtginedrby having a Eubjeee'laakﬁditgetly at 20 atipulus points arranged
féctaﬁgularly in 4 rows Qf.% polnts each. A higﬁly ngnlineéf pattern is
shown to illustrate the Sypés of ﬁaniinearity that can cﬁcuf.x The. shaded
region corresponds ;D thé afea'shéwn ;n Figurs I.

Figure 2. Plotting of shaﬂéd region of figure 1, showing basis faf |

mapping a data point D onto the stimulus region, ﬁsing the twa¥dimengiagal

linear interpolation approach described in Appendix B.

#e
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